Open reading frame (ORF) E4 is a 353-base-pair ORF of bovine papillomavirus type 1. To determine the biological activities of this ORF in mouse C127 cells, we analyzed the effects of two constructed mutations which are predicted to prevent synthesis of ORF E4 proteins while leaving the amino acid sequence encoded by the overlapping ORF E2 unchanged. Neither mutation interfered with the abilities of the mutants to efficiently induce focus formation, induce growth in soft agarose, or transactivate an inducible bovine papillomavirus type 1 enhancer. Also, neither mutation prevented establishment of the viral DNA as an extrachromosomal plasmid in transformed cells. These results suggest that ORF E4 proteins are not required for these biological activities, and they are consistent with the observation of others (J. Doorbar, D. Campbell, R. J. A. Grand, and P. H. Gallimore, EMBO J. 5:355-362, 1986) that the ORF E4 protein of a human papillomavirus is associated with late gene expression during papilloma formation.
Bovine papillomavirus type 1 (BPV) induces the formation of fibroepithelial tumors in animals and oncogenically transforms certain established lines of rodent cells in vitro (15, 24) . Mouse C127 cells transformed by BPV form foci on a monolayer of normal cells, display anchorage independence, and are tumorigenic (8, 17) . In the nuclei of these transformed cells, the viral DNA is maintained as a circular plasmid (14, 16) . A 5,500-base-pair fragment of the viral genome contains eight open reading frames (ORFs), designated ORFs El to E8, which are thought to encode proteins responsible for the biological activities of the virus (2, 17, 29) . Mutational analysis of the viral genome indicates that ORFs El, E2, E7, and E6-7 play a role in maintenance of the viral DNA as an autonomous plasmid (1, 3, 10, 18, 19) and that ORFs E2, E5, and E6 are involved in inducing the appearance of transformed foci (3-5, 10, 22, 26-28, 33) . ORF E2 is also required for transactivation of an enhancer located in the BPV long control region (31, 35) . As part of our evaluation of the biological activity of each of the viral ORFs, we constructed base substitution mutations that should prevent synthesis of the putative protein product(s) of ORF E4, and we analyzed the effects of these mutations.
ORF E4 is a 353-base-pair ORF (nucleotide [nt] 3173 to nt 3526) that totally overlaps with ORF E2 in a different reading phase (Fig. 1A) (2) . BPV-transformed cells and bovine fibropapillomas contain mRNAs that are unspliced in the ORF E4 region, as well as RNAs with a splice junction at nt 3224 (Fig. 1B) (32, 34) . If an ORF E4 gene product is encoded by an unspliced mRNA, translation presumably initiates at the first and only methionine codon in ORF E4, located at nt 3191. The E4mcl mutation changes bases at positions 3189 and 3192 to convert this codon to a threonine codon (Fig. 1B and C) . If a spliced mRNA is used, ORF E4 would be spliced in frame to either ORF E6 or ORF El, depending upon which upstream splice donor is used (32, 34) . The E4aml mutation is a single-base substitution at position 3249 which creates an amber termination codon in ORF E4 25 bases 3' to the mRNA splice acceptor site at nt 3224 ( Fig. 1B and C) . This mutation would affect the synthesis of E4 proteins that initiate at the E4 methionine, as * Corresponding author.
well as proteins translated from spliced E4 messages. Neither of these mutations alters the amino acid sequence of the protein product encoded by the overlapping ORF E2 (Fig.  1C) . Both mutations were constructed by oligonucleotidedirected mutagenesis of a segment of BPV DNA; they were subsequently cloned separately into the full-length viral genome (13, 21, 36) .
To test the transforming activity of these mutants, we separated the viral DNA from its bacterial plasmid vector and assayed it for its ability to induce foci on C127 cells (8) . In several independent experiments, transfection was performed by the calcium phosphate precipitation method, as previously described (4, 9) , with 100 ng of BamHI-digested plasmid DNA for each plate, and foci were stained and counted 14 p142-6 (6, 25) and from both ORF E4 mutants to generate the ORF E2 mutants. A frameshift mutation at the BstXI site in BPV DNA has been previously described (4) . A fragment containing this mutation was inserted into both ORF E4 mutants to generate the ORF E5 mutants. Transformation was performed by the calcium phosphate precipitation method, as previously described (4, 9) , with 100 ng of BamHl-digested plasmid DNA for each plate, and foci were stained and counted 14 days after transfection. is a protein-coding region (5, 23, 24a 
